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FOREWORD

This report was prepared for the Structures and Air Environment Divi-
sion, Directorate of Defense and Transport Systems Engineering, Deputy for
Systems Engineering, Aeronautical Systems Division, Wright- Patterson Air
Force Base, Ohio, as a portion of Contract AF 33(616)-7593. The program
leading to this report was conducted by Technology Incorporated under the
direction of Messrs. James R. Braun, George R. Boone, and Kenneth L.
Rickey. The Aeronautical Systems Division project monitors were Lt. Ned
Sandlin and Mr. RicharI W. Bachman of the Structures and Air Environment
Division.

This report is based on data collected on RF-101C aircraft based at
"Laon and Toui-Rosiers Air Force bases, France. The data were collected
from I April 1961 to 1 November 1961.
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ABSTRACT

Structural flight Load* data from RF-IOIC aircraft assigned to normal
squadron operation with the United States Air Force in Europe are presented
in this report. The basic in-flight maneuver data include normal acceleration
at the center of gravity, airspeed, and altitude. The information derived
from these parameters is intended for use in estimating the fatigue and ser-
vice life effects of the maneuver environment uporn the RF-IOIC aircraft
structure.

PUBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE COMMANDER

WILLIAM B. MIL R
Chief, Structures and Air
Eaviromenat Division

iil



ASD-TDR-62-923

TABLE OF CONTENTS

Section Pa,-0

I Introduction.. ............ 1

A. Data Recording System ........... 1

B. Data Processing . . . . . . . . . . . . . . .. . 2

UI Discussion. . . . . . . . . . . . . . . . . . . .. . 3

Ill Conclusions . . . . . . . . . . . . . . . . . . .... ... 5

References . . . . . . . . . . ............ 6

iv



ASD-TDR-62-923

LIST OF ILLUSTRATIONS

Figure Page

1 Diagram and Tabulation of Mach Number Versus Load
Factor .......... .......... . . . . . ....... ...... 7

2 Percentages of Total Flight (Mission I) Time Spent in
Selected Altitude Ranges .......... ................. 8

3 Percentages of Total Flight (Mission II) Time Spent in
Selected Altitude Ranges .......... ................. 8

4 Percentages of Total Flight (Mission III) Time Spent in
Selected Altitude Ranges ...... .................. 8

5 Percentages of Total Flight (Miuision IV) Time Spent in
Selected Altitude Ranges ..... ..................... 8

6 Percentages of Total Flight (Mission V) Time Spent in
Selected Altitude Ranges .......... ................. 8

7 Percentages of Total Flight (Composite of All Missions)
Time Spent in Selected Altitude Ranges ..... ......... 8

8 Percentages of Total Flight (Mission I) Time Spent in
Selected Airspeed Ranges ......... ................. 9

9 Percentages of Total Flight (Mission II) Time Spent in
Selected Airspeed Ranges ..... .................... 9

10 Percentages of Total Flight (Mission III) Time Spent in
Selected Airspeed Ranges ......... ................. 9

11 Percentages of Total Flight (Mission IV) Time Spent in
Selected Airspeed Ranges ......... ................. 9

12 Percentages of Total Flight (Mission V) Time Spent in
Selected Airspeed Ranges ......... ................. 9

13 Percentages of Total Flight (Composite of All Missions)
Time Spent in Selected Airspeed Ranges . ........ . 9

14 Percentages of Total Flight (Mission I) Time Spent in
Selected Gross Weight Ranges ........ .............. 10

v



AsD-TDR-62-923

LIST Or ILLUSTRATIONS (cont'd)

15 Percentages of Total Flight (Mission II) Time Spent in
Selected Gross Weight Ranges . . . . . . . * . . .... 10

16 Percentages of Total Flight (Mission III) Time Spent in
Selected Gross Weight Ranges. . ........ . . .. 10

17 Percentages of Total Flight (Mission IV) Time Spent in
Selected Gross Weight Ranges ...... .............. 10

18 Percentages of Total Flight (Mission V) Time Spent in
Selected Gross Weight Ranges .................. ... 10

19 Percentages of Total Flight (Composite of All Missions)
Time Spent in Selected Gross Weight Ranges .......... 10

20 Summary of Total Flight (Composite of All Missions)
Time Distributed by Parameter Ranges and Mission Type
with the Average Flight Time of Each Mission Type . . 11

20a. Percentages of Total Flight Time Spent in
Selected Altitude Ranges .................... 11

20b. Percentages of Total Flight Time Spent in
Selected Airspeed Ranges ..... ............. 11

20c. Percentages of Total Flight Time Spent in
Selected Gross Weight Ranges ............... I 1

20d. Percentages of Total Flight Time Spent in
Performing Selected Missions. . ......... 11

20e. Average Duration of Flights by Selected Missions 1 i.

21 Probability Curve - Mission I (Photo High) .... ...... 12

22 Probability Curve - Mission II (Photo Low) .... ...... 12

23 Probability Curve - Mission MI (Photo High - Low -
High) .. .. .. .. .. .. .. .. .. .. .. .. . . . 12

24 Probability Curve - Mission IV (Transition and Test
Hops) ............ . ..... ...... .. . 12

vi



ASD-TDR-62-923

LIST OF ILLUSTRATIONS (cont'd)

Figure Page

25 Probability Curve - Mission V (Navigation and
Inxtruments) ....... ....................... . .. 12

26 Probability Curves - Composites (Load Factor) of
RF-101C and F-101C Aircraft Data ....... .......... 13

27 Probability Curves - Composites (Design Limit Load)
of RF-101C and F-101C Aircraft Data ............ ... 13

"vii



ASD-TDR-62-923

LIST OF TABLES

Table Pag

Distribution of Flight Hours by Equivalent Airspeed and
Altitude - Composite of All Missions. . . . . . . . . . . 14

z- Distribution of Equivalent Maneuver Load Factors by
Mach Number - Composite of All Missions . . . . . . . 14

3 Distribution of Maneuver Load Factors by Equivalent
Airspeed - Composite of All Missions ........... . . 14

4 Distribution of Maneuver Load Factors by Equivalent
Airspeed - Mission I ....... . . . . . ........ 14

5 Distribution of Maneuver Load Factors by Equivalent
Airspeed - MI.ssion ... . ........... . . . 15

6 Distribution of Maneuver Load Factors by Equivalent
Airspeed - Mission M!... . . . . . . . . . . . . . . is

Distribution of Maneuver Load Factors by Equivalent
Airspeed - Mission IV . . . . . . . . . . ....... 15

8 Distribution of Maneuver Load Factors by Equivalent
Airspeed - Mission V. . . . . . ........ . . . . 15

9 Distribution of Maneuver Load Factors by Equivalent
Airspeed and Altitude - Mission I - Gross Weight
Range: 27, 000 to 35,000 lb ................... 16

10 Distribution of Maneuver Load Factors by Equivalent
Airspeed and Altitude - Mission I - Gross Weight
Range: 35, 000 to 43,000 lb ..... ................ 17

11 Distribution of Maneuver Load Factors by Equivalent
Airspeed and Altitude - Mission I - Gross Weight
Range: 43, 000 to 51.000 )lb ................ 18

12 Distribution of Maneuver Load Factors by Equivalent
Airspeed and Altitude - Mission IH - Gross Weight
Range: 27, 000 to 35,000 lb ................... 19

13 Distribution of Maneuver Load Factors by Equivalent
Airspeed and Altitude - Mission IH - Gross Weight
Range: 35,000 to 43,000 lb. ............... 20

viii



ASD-TDR-62-923

LIST OF TABLES (cont'd)

Table Page

14 Distribution of Maneuver Load Factors by Equivalent
Airspeed and Altitude - Mission II - Gross Weight
Range: 43,000 to 51,b000 lb, .................... .. 21

15 Distribution of Maneuver Load Factors by Equivalent
Airspeed and Altitude - Mission III - Gross Weight
Range: 27,000 to 35,b000 1b, ...... ................ 22

16 Distribution of Maneuver Load Factors by Equivalent
Airspeed and Altitude - Mission M - Gross Weight
Range: 35, 000 to 43,000 Ib.. .................... .. 23

17 Distribution of Maneuver Load Factors by Equivalent
Airspeed and Altitude - Mission III - Gross Weight
Range: 43, 000 to 51. 000 lb, ....... ................ 24

18 Distribution of Maneuver Load Factors by Equivalent
Airspeed and Altitude - Mission IV - Gross Weight
Range: 27, 000 to 35,000 lb. .................. .5

19 Distribution of Maneuver Load Factors by Equivalent
Airspeed and Altitude - Mission IV - Gross Weight
Range: 35, 000 to 43,000 lb, ....... ................ 26

20 Distribution of Maneuver Load Factors by Equivalent
Airspeed and Altitude - Mission IV - Gross Weight
Range: 43, 00 to 51,.000 lb ................... 27

21 Distribution of Maneuver Load Factors by Equivalent
Airspeed an* Altitude - Mission V - Gross Weight
Range: 27, 000 to 35,000 lb, ................. 28

22 Distribution ot Maneuver Load Factors by Equivalent
Airspeed and Altitude - Mission V - Gross Weight
Range: 35,000 to 43,000 lb. ... .......... 29

23 Distribution of Maneuver Load Factors by Equivalent
Airspeed and Altitude - Mission V - Gross Weight
Range: 43, 000 to 51,000 lb. .............. 30

ix



ASD-TDR-62-923

SECTION I

INTRODUCTION

This report presents a study of the-maneuver loads data gathered on
RY-101C aircraft assigned to normal operational duty with the 18th and 38th
Tactical Reconnaissance squadrons of the United States Air Force in Europe.
These squadrons were based, respectively, at Laon Air Force Base and Toul-
Rosiers Air Force Base, France. The maneuver loads data, recorded by
the Model F Willys Flight Loads Recorder, include three in-flight parameters:
normal acceleration at the center of gravity, airspeed, and altitude; these are
commonly denoted as "VOH."

The RF-101C maneuver loads program was initiated by the Aeronautical
Systems Division as a supplemental part of the F-101 fatigue certification pro-
gram under Weapon System 217A. Technology Incorporated, received the award
of the supplemental agreement to Contract AF 33(616)-7593 on 1 March 1961
and commenced installation of the Willys recorder on that date. Installation
was completed on 17 May 1961. The first maneuver data was recorded on 30
March 1961; the last, on 16 October 1961. The Aeronautical Systems Division
provided technical guidance and supervision for the recording program.

A. Data Recording System

The Model F Willys Recorder is a direct-write instrument which em-
ploys fixed styli to transcribe the parameter deflections onto carbon impreg-
nated paper when electrical impulses are fed to them from the transducers.
Each stylus, identified by a number, was fixed to represent a specific band
within a parameter range. The contractor, utilizing the facilities of the
Aeronautical Systems Division, established the coverage of these bands
during the calibration process.

The Willys recorder has two inherent deficiencies which decrease the
data accuracy and limit the recorder response to the lower frequency inputs.
The recorder is insensitive to any input frequencies in excess of one cycle
per second; in fact, a frequency of one-half cycle per second is borderline.
Consequently, data recorded during turbulent flight conditions do not include
all the added loading caused by the gust inputs; hence, loads spectra based
on such recordings will be unconservative to some degree. Since the Willys
recorder is essentially a digital recorder, resolution of the recorder only
approaches some of the established divisions (data blocks) of the parameter
ranges; in some instruments, the bands of the acceleration magnitude rep-
resented by the styli slightly exceed the bands of the corresponding data
blocks. Therefore, as the values represented by one stylus could cover a
range including the band of one data block and parts of the bands of the
adjacent two data blocks, an acceleration depicted by a stylus could be of
a magnitude equal to that represented by any one of the three data blocks.
Such an acceleration, however, would be recorded as a value in the lowest
of these blocks. Obviously, such data would cause the load factor spectrum
to be unconservative to some degree.
Mdanuscript released by author on 15 September 1962 for publication as an ASD
Technical Documentary Report.



B. Data Processinz

To facilitate analysis of the recorded data, the flight profile of the
R.F-IOC aircraft was divided into five major missions:

Mission I Photo High
Mission II Photo Low
Mission III Photo High - Low - High
Mission IV Transition and Test Hops
Mission V Navigation and Instrument

Mission I includes mainly the data of Photo Reconnaissance Missions
during which vertical pinpoint and vertical strip photographs were taken.
Most of the data of Mission I were acquired between the altitudes of 25, 000
to 40, 000 feet. Mission II comprises the data of Photo and Visual Recon-
naissance Missions. Four types of photography were employed during
Mission 11: side oblique, forward oblique, vertical pinpoint, and vertical
strip photographs. Most of the data obtained during Mission II were re-
corded belov 2, 000 feet Mission IMI is a combination of Missions I and II.
Mission IV consists of data essentially.from transition and test flights, in-
cluding chase, tactical evaluation, and standardization board flights. Mis -
sion V contains data of instrument and navigation flights, including day forma-
tion, night flying (singly or in formation), maximum range without radio,
navigation proficiency, TACAN, and GCA flights.

The semiautomatic Benson-Lehner oscillograph reader was used to
measure the analog VGH data and to transcribe it in digital form onto IBM
cards. The associated times for the subsequent compilation of the periods
spent within specific airspeed and altitude ranges were also noted. Per-
sonnel in the computer facilities of the Aeronautical Systems Division pre-
pared the data for processing through the IBM 7090 computer by using the
IBM 1401 converter to transcribe the information from the punched cards to
tape. A computer program in FORTRAN language governea the calculations
and sorting operations for the grouping of data according to the required
combinations of type of mission and ranges of gross weight, equivalent air-
speed, altitude, and normal acceleration. The IBM 1403 generated the data
printout tabulations from the output tape of the IBM 7090.

"The zriteria for reading the acceleration trace on the Willys records
required a positive peak to be equal to or more than 2.0 g and a negative
peak to be equal to or less than 0 g. When two or more peaks beyond these
limiting levels appeared during the period dofined by departure from and
return to the 1. 0-g level, the following points were read: the maximum
peak and every other peak whose adjacent troughs were vertically removed
from it by two or more styli (the vertical displacement between any two styli
is approximately 0. 8 g).

2



SECTION I1

DISCUSSION

The normal accelerations which occurred during 2025.4 in-flight hours
are presented in the form of normal load factors as functions of Mach number
in Figure 1. This figure shows a point at 7. 5 g which exceeds the 7. 33-g
structural limit. Inspection of the original recording revealed a load factor
level between 7.2 and 7. 6 g, the exact value being undetermined since the
styli, as mentioned above, represent values within increments rather than
a precise measurement. The inatantaneous gross weight for the instant of
this acceleration occurrence was determined to be 31, 741 pounds which
yields an n W. of 241, 232 pounds (based on a load factor of 7. 6 g). Design
gross weight lor this aircraft is 37, 000 pounds, and the allowable load for
the design limit load factor is 271, 000 pounds. Therefore, the structural
limit was not exceeded, even though the design limit load factor level was
surpassed (Figure 1). Also of interest in Figure I are the apparent load
factor exceedances at the lower Mach numbers; however, it must be noted
that the V-n diagram in this figure is based on sea level and basic flight de-
sign gross-weight conditions, whereas the plots emanated from accelerations
which occurred with various combinations of altitude and gross weight, each
parameter varying within its range of values.

Figures 2 through 6 present the percentages of total mission flight time
spent in various altitude zanges for each mission. The considerable percen-
tage of time spent below 2, 000 feet is particularly significant. The findings
from other similar programs have revealed that the gust environment below
2, 000 feet contributes markedly to the over-all fatigue spectrum of most air-
craft. Since the effect of the gust environment becomes more severe as the
airspeed increases, the large percentages of time spent at relatively high
airspeeds, indicated in Figures 8 through 12, add to the significance of the
low-altitude flight dominance. Table 1, based on the data of all missions,
shows the actual flight times spent at these low altitudes and high velocities.
The percentages of total flight time, including the times of all missions,
spent in various altitude and airspeed intervals are displayed in Figures 7
and 13, respectively.

The percentages of total mission flight time spent in various gross
weight ranges for each mission are presented in Figures 14 through 18.
Figure 19 is a composite of the data in these five figures. For the purpose
of comparing various distributions of the total flight (composite of all mis-
sions) time, Figure 20 is a composite including five figures which depict the
following: percentages of flight time spent in selected altitude, airspeed,
and gross weight ranges (Figures 7, 13, and 19), percentages of flight time
spent in the five mission types, and the average flight time per mission type.

F'igures 21 through 25 present the maneuver load factor environment
for each of the five missions. Mission IV is apparently the most severe,
whereas Mission I is the least severe.

3



The RF-101C maneuver load factor spectrum, based upon the 2025.4
hours of flight data, is presented in Figure 26. The figure indicates that an
R•F-101C aircraft will probably reach its design limit normal load factor
approximately every 2500 hours. However, as the stability of the curve is
rather questionable above the 4. 5- to 5. 0-g range, predictions beyond this
range should be considered discreetly. Of more interest, perhaps, is the
number of flight hours to equal or exceed the design limit load (see Figure
27). The data indicate that the higher load factors occurred at relatively
low gross weights. Such occurrences would explain the apparent trend of
the curve which indicates that a large number of flight hours would be re-
quired to encounter the design limit load. This hypothesis should be
tempered somewhat, for the few occurrences recorded at the higher percen-
tages do not allow a sufficient degree of confidence to be placed in the curve
above 60 to 70% of the design limit load. Curves derived from F-101C

maneuver loads data (Reference 2) are also included in Figures 26 and 27 for
comparison purposes since the F-101C and RF-101C aircraft are basically
the same aerodynamically and structurally. As the data collected on the
F-101C aircraft totaled only 1302 flight hours, the F-101C curves probably
did not reach the degree of stability attained by the RF-101C curves; there-
fore, no strong conclusions should be drawn between the two sets of data.

The distribution of equivalent maneuver load factors as a function of
Mach number for all missions is shown in Table 2. Table 3 presents the
distribution of maneuver load factors by equivalent airspeed for all missions,
and Tables 4 through 8 show the individual mission bz.eakdown. These data
are also presented for various altitude and gross weight ranges in Tables 9
through 23.

4



SECTION M

CONCLUSIONS

1. All maneuver loads measured on the RF-101C aircraft are within
the design limit load.

2. Since 43. 9% of the total recorded flight time (all missions) was
spent below 2, 000 feet, the aircraft encountered a considerable number of
gust loads. However, as the Willys recorder is insensitive to the effects
of turbulence, a fatigue spectrum based on such recorded data would be
uncons ervative

3. Additional flight loads data on the RF-101C aircraft, especially
gust data, should be acquired to obtain a more rigorous fatigue load spectrum.

5
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Distribution of Flight Hours by Equivalent Airspeed

and Altitude - Composite of All Missions

50 s 48 . 0.78 490 4004.!61 0 01338
I 9 0040 to4 4t., a."4 43..04 0." 0.41&

130 49 o 04 .. o 0 9 03 34.0 1. 1.3 Aim; N 0.0 3 049

09 to ,6 48.4 94, 3.8 487 700 7.4 83 44 07

20 Table.2

by Mac Numbe 09111- Compsit of.1 Al Misin

FAC7ft.2 04 OtSO .80 o 100 1 4 0.20. ON t
TIM (W ! ! !!!& is 11. la o d" * 7 &2.

0.ble 0,207 .0 30 5 _

4FACTOR6 02 81 70 049 . 0 0

00.448 9 4759 8l 09 7 1 .39_ 06

0034-046" 3 7 a
45 %,4-911me1 1 1
4.0 toAmis 7046le
is ba" - m7 326 -85 46 99 i I 388

&0 ft3ft Tabl e 23 16

Airspee - 611 Copst of3 All --1s"14

60344Tabl 3 38

FACTO -- - - 70 no -9 m

41 20 746"2

3404 87 405 a27 646 Q0 a7 248

Uoi It 3,11 4 3_ i 9
10b34 W 6 aw 23 2843 1 46w 403 6-0 06 --- 1

Distribution of Maevr odFatr
___ by Eq 2ivaentArspee -111 Missio ! I -!!

A.012 -74 too1 40110" IT a8  7 40=

!!* 7 - - - - - 3 1 V I- -49 I 1 8 0 .,V . , ! . a n" 3. 1. 214 1 47 1 # 4. 1 _1

TOTA FLGH 788 ~ &416 Aý O LGHS(

60Table84

Ditrbu0o of Maevr8odFatr

4 y Eqialn 480ee Msio

L0OA44 0rte "wr 3 o s OAL
FACT"8 IN no 0 2

20 to 248 99 19 009

4.6 3446284

0. 11 0.41 07. 10888) 048 18

14



Table 5
Distribution of Maneuver Load Factors
by Equivalent Air speedi - Mission II
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Distribution of Maneuver Load Factors
by Equivalent Airspeed - Mission III
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Table 9

Distribution of Maneuver Load Factors by Equivalent Airspeed and
,Altitude - Mission I - Gross Weight Range: 27, 000 to 35, 000 lb.
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Table 10
Distribution of Maneuver Load Factors by Equivalent Airspeed and
Altitude -Mission I - Gross Weight Rang.: 35. 000 to 43, 000 lb.
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Table I I
Distribution of Maneuver Load Factors by Equivalent Airspeed and
Altitude - Mission I - Gross Weight Range: 43, 000 to 51, 000 lb.
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Table 12

Distribution of Maneuver Load Factors by Equivalent Airspeed and
Altitude - Mission Il - Gross Weight Range: 27, 000 to 35, 000 lb.
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Table 13
Distribution of Maneuver Load Factors by Equivalent Airspeed and
Altitude - Mission II - Gross Weight Range: 35, 000 to 43, 000 lb.
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Table 14
Distribution of Maneuver Load Factors by Equivalent Airspeed and
Altitude - Mission 11 - Gross Weight Range: 43, 000 to 51, 000 lb.
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Table 15

Distribution of Maneuver Load Factors by Equivalent Airspeed and

Altitude - Mission III - Gross Weight Range: 27, 000 to 35, 000 1b.
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Table 16

Distribution of Maneuver Load Factors by Equivalent Airspeed and

Altitude -Mission III - Grops Weight Range: 35, 000 to 43, 000 lb.
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Table 17
Distribution of Maneuver Load Factors by Equivalent Airspeed and
Altitude -Mission III - Gross Weight Range: 43,000 to 51,000 lb.
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Table 18
Distribution of Maneuver Load Factors by Equivalent Airspeed and
Altitude - Mission IV - Gross Weight Range: 27. 000 to 35, 000 lb.
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Table 19

Distribution of Maneuver Load Factors by Equivalent Airspeed and

Altitude - Mission IV - Gross Weight Range: 35, 000 to 43, 000 lb.
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Table 20

Distribution of Maneuver Load Factors by Equivalent Airspeed and

Altitude -Mission IV - Gross Weight Range: 43, 000 to 51,.000 lb.
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Table 21

Distribution of Maneuver Load Factors by Equivalent Airspeed and
Altitude - Mission V - Gross Weight Range: 27, 000 to 35, 000 lb.
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Tabi. 22

Distribution of Maneuver Load Factors by Mquivalent Airspeed and
Altitude -Mission V - Gross Weight Range: 35. 000 to 43, 000 lb.
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Table 23

Distribution of Maneuver Load Factors by Equivalent Airspeed and
Altitude -Mission V - Gross Weight Range: 43, 000 to 51, 000 lb.
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